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JPI, )lGWJ’ ]on Model

Ion composition of individual so]fil pit i.icl(, events  obscIved  h interpkrnctary  space can be
highly variable. lon composition avcraj:cs iakel 1 (Ivct a w ics of solat  tlai es d~lrinp, a solar cycle can
be related to observed solar photosplmk  PJNIIHJEHI  c ratios after corf cction for propagation effects
which depend on the ionic charge to nlass ] rti io alli the fil S( ionization potential (FIP) [6,7,8]. The
model presented here uses the solal photosj}}wl  ic atl~lndanccs  [7,9] to de] ive solm energetic particle
fluxes in intctplanctary  space. The ion mdcl it mlud[s ion atomic numbc.rs 2 sZS92, helium through
uranium. [16].

Solar heavy ion flux is rnodclc{i by th<, fI)ll(~wins  pal armtric equation  [ 14]:

where S(X)Y O ifx<O
S(x)=- 1 if x>O

Z=- at omit number
Q/h4(Z)=  ionic charge/n~ass (“1’ab]c ? )

E= ion energy/nucleon, (h4cV)
t= time

+(Z)==  first ionization potential (l;ll’),,  6.\7 (Table. 2)
A,(Z)=- solar photospheric  abulldallc(  ] tii io (’1’able 2)

13.= ion spectral index, 0,3 h~cl’
To== solar flare onset tinw., O

z=- solar flare decay CO IISIa  III, 8.33:{  days
et= power law index for Q/Al, 6’/

SO(Z)= FIP step factor, ,3??”)5, S{,( ) Ic) 138
@o= location of HP stcj), 1 (), CY
JO= normalization facto] (’I’M 1 )

integration over time, encxgy md solid  a II({L yields  the flucnce of c.ach ion species in the flare.
The normalization constant JO detel-mines IIK: IIla,!:ni[  (Ide of the. event. It must bc emphasized that this
model is based on the averages premnt  (xi in l{! cll(wian aiid Stone [“/],

Parametric  Choices



“ihe key parameters w= .67, So .:{2;’ 75, f~),l = 10e.V and ~ (6s7, s30)  were taken from the
study of 10 solar flares [7] bctwccn  19“/’] allcl 1 ‘3x:?. ‘1’he solal  abundance Iatios A,(2sZ<5)  and
A,(Z>30)  were taken from Anders and (i)c\cssc  19]. l’hc l~lf) step factor for helium $ =. 138 was
taken from Retunes ct al. [6]. ‘Mc values of 1;1 P, ~~: z) WCIC  taken from the 1 la~~dbook  of Chemistry
and Physics [11 ]. The values of Q/M(3 sZS3(H MICI  ( obttiined  from 11,11, 111 cncman’s  thesis [8]. The
value of Q/M(Z>30) were derived by cx[t ~]x)latin~’.  the ionic charge ml ve.s presented in Figure 4.1
from IIrencman [8]. Extrapolation carI be t t Ic S( m I cc. of large e.rrols, but aii cst i mate of the maximum
error due to use of different slopes fb] cx(~ ti] mlz! ion of t hc Q vs Z C,U1 vcs is -60°/0. The value
EO=0.3MeV was determined from the octobt]  1 %’) solar flare. ‘1’hc value z- .833day  (20 hours) is
a generally recognized solar flare dccmy cm ISI tint ‘J’hc solar flare onset time was set TO=O. The
normalization constant Jo varies with the IIlzgllil  ~ldf of the flare. “1’hc intcsratcd ion flucnce  is linear
function of Jo The heavy ion flucnce call  be sctilcd  t( ~ the helium flucncc by adjusting the value of JO.
Table 1 gives values of JO vs cumulative ~)1 obat)ility of occur 1 cncc for a solar flare with ion flucnces
equal to those gotten by integrating the. S})CC( ru~l) [ 1).

Cutoff Ihergy  in a Dipokir  Magnetic I~icl(l

The adiabatic theory of char{;cd l)fit iirl( il])iiori  it) H di~mlar  ma~nctic  field is based on the
hypothcsiz,cd smallness [15] of the quafd it!

where 1~ is the particle energy in Mc.V/IHIdcoII, A is the ~tlass  r~umhcl,  and 7. is the charge-state
nutnbcr. It is assumed that the critical value i~)] l)~zl),lictic  t] tippii~g is 1/3 and for comic-ray cutoff
k 3/4. The cutoff energy E can bc W]H csscd  :1s

J- 1863+ (18!J:i)’ +4 [1 ,qS$x/04@f]7

(3) };=- ~~ ?-- -- --- !:2 -

where c has been assumed to be 3/4.



Crdculation  of the LET Sptx.trum

The LET spectrum (Heinric)i flux) v, w calculated  l}y
integrating the flux of all particle spcc.ics wI) lc.I i l)it VC. S1 oppit  g powers (OJ 1 J 1“1’), (1 /p)dE/dx  MeV-
cn~2/n~g, above a specific value. The 1 kit 11 id i flu\ p{+ iinci~t to the production of S1 KJs is derived from
the heavy ion flux tier transport thro~l{:ll  !lIr st~icldlrlg.  1,Ii’1’  as a function of incident particle energy
has a relative maximum for each im] s~m:ic~ ‘I’l II,i cforc, all values of 1,1 H“ > a specified value lie
between a lower and an upper energy limit 1;, rild 11, For s~)ccific path length through the sensitive
volume, integrating, the energy spcdrLml d tl 1:1 i (m ~]~ccies  bd wcxm l; ~ slid }1~ gives t}le contribution
of that ion species to the LF.T spcct 1 u m

(3) Hl[Z,/./;/X, ),).) (‘ ‘(z’’’’’’J)a’/; j(l;)z,i,l$,dc,,. } ,<7,1,rj;l,)

lhesc calculations arc performed on ttlc tIatls~N)I  I(,1 fluxes “inside the shit.ld”. I’he calculations can
bc performed on the fluxes “outside the sllicl~l’  by a~ijustinp,  the limits c) fintcgration.

where x’-

] ,];’1”=
~,

j(}~)?,imidc,x=”

.KW,oukidc  ‘“
]/,

shield thickness
value at which 1,1’1 s~)cc (t um is being dctcrminc.d
ion species
energy spcct tul]~ oj 7 ‘i’ s;mies inside shield
energy spcctrwll oi’7fi’ s;,ccics outside shifdd
Pathlcngth  if) the s(llsif i~ r volume (2 nlicions)

‘J’hc cfl_ect  of shielding is to reduce ptil tick CIICI ~,i( \ Rth t Itinspor[, shifiillg the spectrum to lower
energies. Therefore., to accomplish the Mllic  int ~g[ (I[ ion but OVCI the unshielded spectrum take the
energy limits corresponding to a specific 1 I 1’1 i~l<id~ the shield and finci  tllc cor[c,sponding  energies
@ll,E~) outside the shield using range tables il.)] tli;+t spcc.ics

An cflkctive  1 Icinrich  fluencc cakwlat io]~ ill v.llich the ])ath length ciistl  ibution  in the sensitive
volume is taken into account was not pet fbf 1 ] lcd cll M i < ) the cxcmsivc cumputer t imc required. All ions
are assumed to enter  normal to the device suI iii{ c, ‘1 ‘II, t hickllcss  of the sensitive. vohm~e was assumed
to be ?, microns.

The orbital integraticm was accwt]l )Iisl i(d II}J taking {he 1,-valuw  gotten from the NASA
W-ouwcr  Oll)it  Generator and calculat in~; a c~][o!l’crm ~T,y using tile Schulz  apju c)ximation,  If’the lower
limit El’ in (4) was lCSS than the cutoff  am p,y at (hit cI[ IIit lc~cation,  t hc lcww Iilnit was replaced with
the cutoff energy. ‘1’hc integration is cicsci i{wd by



where A=-60 seconds.

The Heinrich  fluence results fh l\\w (M [Ii[s ( 1 ) 4?S km circulal,  510 inclination and (1)
geosynchronous orbit are shown in l~i~ui  c 1.

Conclusion

A physical model based on expel  i]l}~:rit  al oll.wrvtit  iol)s and theory has been developed which
accounts for }wwy ions 2sZS92 usinp, a fol liiz{is!  1~ \’,1 Iich incorpolat  es so!al abundances, Q/M (ionic
chargeAnass)  and first ionization  potential (1 J 1’ ) d cl Nt idenc.c  ] dlcct ins pr occsses  at work in the solar
corona. An exponential time depcmdwwc  h;ls I]ccll  assumed whichgivcs  more conservative peak
fluxes at t=-O than would be the case ft-)1  a t.ilnc licpendclme similar to solar protons. Additional
conscrvatisn~ is introduced into tlm JIIOCJCI IJ)  t}Ic i+ssurnptkm that a sohr  parljc]e  event k a shg]e

exponential went in time. In reality, Iwp,c solal  p;:( title. e.vcnls  arc oficn multiple evenls occurring
close together over a period of several d ~ys. ‘I ‘hc c~ ] tict oft lrxc assumpt  icms is to over estimate the
peak J lcinric!l  flux but since the mocicl has IKWII 1101 l~~alizc(i  10 the total  event alpha fluence,  it gives
reasonable heavy ion event fh,IcJIcm.

‘J’hc introduction of the ion cutofl’ c}]((  p,}I (iilc. to the. shieldin~:  efl’c.ct  of the earth’s magnetic
field of getting an engineering estimate of tllc  Solitl jl;i~iiclc  e.vent I lcinrich  IMJCJICC at low earth orbit.
];igurc  1 shows the calculated } leinJic.h  fluci’m l{~r I IIC firs! cJay of a fJaJe fbI two orbits: (1) 425 km
CkCU]ar, 5 ]“inc]ination,  a typical  space slat ion  01 bit find (2) f:eosyJIclII<)rIotIs  oJbit 6.61<. The lower
orbit show about an order of magnit uclc ICSS :flue.11, c thatl  at gcosynchl’onous  orbit. All solar flares
vary in ionic composition and specl[ al sl18pc A sofi w cncJ fiy spcct rum would, of course, enhance
the shielding cfkct of the magnetic field al tow M 1 t h orbit. A i eascmtible engineering model has been
constructed for the estimation of the cflkcis  (}f Ilcaiy  ions at low ear [h orbit.
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‘l’able 1. Avclay,c 1 IUX Normalization (krlstal)ts

[ ----

--—: -.:.., : :. : :

VO, Cum. Prot)..  . .  — _ _ _. . . . . . . . . . T L

99.. —.——.. . . .

90- . . . . . — . — .  .  .  .

80.——. —— - . . . .

70

50-..-—.—. .“ .  .

30
===-:-.,:. :. , : ,.

““ I

.



.’
‘~ ilt)l(”  ?

. .

Z Q/M VIP ABUNDANCE Z Q/Ni 1’11) AII1  I’JI)ANC1:
12.60413.598 0.279013+05  470.468 7,57(1 (~ 4x60} -06
2 1.30224.S870.2720E+04 480.446 8.9°3 (~ 1 (’,101 :-05
31.133 5.392 O. S71OE-O4 490.448 5,7X(,  (). 1840) 06
41.242 9.3220.7300E-06 500.439 7,344 (].’<g;~ol  05
51.214 8.2980.2120E-04 510.433 8,(,41 0.30’)0)  06
61.24511 .2600 .6490E+OI 520.419 !).009 O 481(II ..05
71,172 14.S340.2775EW1 530,4?6 10.45  I (1.900(~1-06°
81.148 13.6180.2290EW2, 540.41712. 130(1,4-/0(11:-05
91.12517.422 0.11OOE-O2 550.417 3.894 (). !720] 06
101.208 21.5640.3140E-101 560.407 5,212 (}.449{11:.05
11 1.146 5.139 0.6700)3-01 570.409 S,57”/ 0.44(!01 (16
121.167 7.6460.1089E-tOl 580.411 S.47(1 O 11 3(>) .05
131.068 5.9860.8370E-01 590.413 S.420 (), 16(,91 (I6
141,000 8.151 O.1000E+O1 600.408 5.49[) O N2791 06
150.914 10.4860.9240E-02 610.000 (~,O(W (I O(W)]  -I 00
160.875 10.3600.4600E+O0 620.400 5,6300 2$8?} .-06
170.797 12.9670.9600E-02 630.400 5.6’/(I O ‘9’/ 301 -07
180.794 15.7590.I020E+O0 640.391 6.140 (I 33001:06”
190.7604.341 0,3900E-02  650.389 5,X5(I ().{1():+0)  07
200.763 6.113 0.82001;-01 660.387 5.930 ().:~!). f?). 06
210.703 6.540 O.31OOE-O3 670.385 fi.oj~()  ().88 {)()]. (I7
220.688 6.8200.4900E-02 680.384 6.100 (J.;’ 5(181’!~6
230.674 6 7400.4800E-03 690.384 6.180 ().:i’/8()l:!)7
240.690 6.7660.1830E-01 700.377 (1.254 ().;~4;T91:06
2S 0.667 7.435 0,6800E-02  710.379 S,4?(}  (),:46’/01;  07
260.654 7.8700. 1270E+OI  72 0.37S 7.()()(} O. I S.101 (I6
270.622 7.860 0.1870E-01 730.374 ‘/.890 0,70’/’01; 07
280.617 7.635 0.46501; -0] 74 0.37] 7,9800 I 3:{()];  (IL
290.S60 7.72.6 0.5700E-03 750.370 7.880 () $ ] ‘/()]: 1)7
300.S29 9.394 0.1610&02 760.366 S,700” O (17501  !)6
3] 0.570 5.999 0.3780E-04 770.366 ‘), 100” (), (}61 of . I)(’)
320.541 7.8990.1 1901;-03 780.364 (),0[)() O,] ~~()~  ,. 1)~
33 0.s42 9.8]0  0.65601;-05  790.364 9.?;J5  0.18701 06
34 0.5]7  9.752 0.62] OE-04 800.360 ]().4:+7 0.’’\ 400lI” 06
35 0.S32 11.814 0.1180E-04 81 0.3S7 6.108 ().184()1(16
360.S08 13.999 0.4500E-04 82 0.3S5 ‘7.4)6 (1.31 ‘>01;05
370.510 4.177 0.7090E-05  830.356 7.289 (). ]~ldo~-!)(,
38 0.50] 5.695 0.23 SOE-04 840.000 ().()()1() ().() ~)()()]- [)()
390.503 6.3800.4640E-05 850.000 0.()()() ().()()()()}-  ()()
400.505 6.8400. 1140E-04 860.000 0.000” (),0()0()1;-  o()
410.495 6.8800.6980E-06 870.000 ().()()() (), () f)()[)]i  ()()

420.477 7.099 0.2 SSOE-05 880.000 0.000” ().()  :~():)lii [)0
430.000 0.0000 .0000E-i 00 890.000 0.000”0 (MJoI  :100
440.472 7.3700.1860E-05 900.341 S,S00 (} :{:{fi(~f;.-:~)
450.474 7.4600.3440E-06 910.000 0,()()() O (): loi,)I: i {)()

460.466 8.340 0.13901;-05  920.338 5,S00 () 911()[)Ii.’I8

Zeros indicate an CICmCIIt  abscncc  in the OIISCIWJ  s, )Iitl  S1 }cctrum


